imperfect radiosonde observations. Model physics becomes important when the model extrapolates to locations and times far from the ground truth provided by radiosondes. However, radiosonde temperatures are themselves imperfect and require corrections for absorption of solar and infrared radiation, thermal emission, and conduction and convection of heat (21) . Inadequate calibration could contribute to the temperature biases seen in Fig. 4B , to the extent that the model is constrained by radiosondes in this region.
Figures 2 through 5 indicate that future measurements, if available in near realtime, could play a significant role in numerical weather prediction (NWP). The density of 500 globally distributed measurements per day provided by a single orbiting GPS receiver would exceed that of the radiosonde network by a factor of 2 in the Southern Hemisphere, making a significant contribution to the global observing system. A constellation of orbiting receivers could make a major contribution to fulfilling the stated temperature observation requirements for global NWP. The results presented here demonstrate desirable properties for use in NWP, namely generally good agreement with a high-quality NWP analysis, plus the ability to identify a minority of cases where there is room for significant improvement in the analysis.
Proceedings of the SPIESymposium on Optical Engineering and Photonics in Aerospace Science and Sensing, Paper (1993) . 9 . K. R. Hardy, G. A. Hajj, E. R. Kursinski, Int. J. Satell.
Commun. 12, 463 (1994). 10 . G. D. Thayer, Radio Sci. 9, 80 (1974) . 11 . To obtain the accuracies necessary for atmospheric work, we used a modified version of the GIPSY-OASIS II system developed at the Jet Propulsion Laboratory for the Ocean Topography Experiment (TOPEX/Poseidon) to determine receiver and transmitter orbits, and to calibrate and remove receiver and transmitter clock biases and instabilities (9, 24) . Vertical smoothing, decreasing from -1.4 km in the stratosphere to -0.5 km near the surface, was also applied to the Doppler frequency measurements to make them consistent with the Fresnel diffraction resolution limit (3, 7 The comet appeared projected against the center of our galaxy (Fig. 1 Does the strong outgassing from HaleBopp suggest that its nucleus is unusually large? Consideration of the rate of sublimation of CO does not support such a conclusion. We calculated the flux of molecules sublimated from CO and H20 ice surfaces (Fig. 4) . The calculations assume sublimation in thermal equilibrium but neglect thermal conduction. Two curves for each volatile show the dependence of the sublimation rate on the (unknown) nuclear spin. At 6.6 AU, the CO sublimation fluxes vary between 5 X 1020 m-2 s-I (isothermal nucleus) and 2 x 1021 m-2 s-' (subsolar patch). The nominal Qcc = 2.8 X 1028 S-I could be sustained by an exposed patch of CO having an area A = 14 to 56 kmi2, corresponding to a circle of radius (A/r)1/2 = 2.1 to 4.2 km. This constitutes a lower limit to the radius of the nucleus.
Outgassing from near-sun comets is largely confined to small, active vents embedded in a crust or mantle of nonvolatile material (4, 13) . Two characteristics of Hale-Bopp are most naturally explained in terms of outgassing from localized vents on the nucleus. First, the systematic blueshift of the line peak (Table 1 and Fig. 2) indicates sunward ejection in a collimated jet. The dominance of the sunward (day-side) emission further shows that the sublimation rate is sensitive to the diumal temperature variation and hence is produced close to the surface (pre-SCIENCE * VOL. 271 * 23 FEBRUARY 1996 sumably within one thermal skin depth, or about 10 cm for a rotational period of 10 hours). The velocity of ejection (0.35 km s-1) is higher than that expected for adiabatic expansion of CO (0.2 km s-1). The velocity excess may result from heating by flow through a porous surface layer (6) or, more likely, by dust heating (14) . Second, the optical image shows a collimated (dust) jet such as would be produced by gas flow into vacuum from an active vent. We surmise that Hale-Bopp resembles better studied comets, in that it outgasses from the near-surface regions in one or more active vents that together occupy only a small fraction of the nuclear surface. Hale-Bopp's previous orbit had perihelion distance 0.5 ' q ' 1.5 AU (15), providing ample opportunity for the formation of a rubble mantle by capture of suborbital debris on the nucleus.
In comet Halley, the unmantled fraction of the surface was -10% (13) . With this active fraction, the nucleus radius of HaleBopp would be 3 to 7 km, which is similar to the 5-km effective radius of Halley and other short-period comets (4) . In any event, sustained outgassing of CO accounts naturally for the extended coma and elevated brightness of Hale-Bopp, without assuming that the nucleus is unusually large. Even the reported detection of this comet at magnitude 18 at 13.1 AU on 27 April 1993 (16) is compatible with coma production by CO. The sublimation rate at 13.1 AU would be reduced relative to that at 6.6 AU by a factor (6.6/13.1)2 -0. 25 (Fig. 4) , or Qco -300 kg s-. In the period of observations covered, Hale-Bopp lost -1035 molecules of CO, or total mass 6 X 109 kg. This corresponds to a very modest thickness of 0.6 m of CO ice (of density 1000 kg m-3) spread over a 10-km2 vent.
In situ observations of CO in comet Halley showed a distributed near-nucleus source in addition to a nuclear component (17) . The asymmetric CO (18) . Water ice was reported in the coma of Hale-Bopp (19) . Presumably, water ice grains are expelled from the nucleus by the more volatile CO. They remain solid because of the low insolation at 6.6 AU (the blackbody temperature at this distance is only 108 1011 m-2 S-1 (Fig. 4) s-5, which will occur at R = 3.5 AU (Fig.   4 ). Therefore, we anticipate the disappearance of the water ice grains from the coma of Hale-Bopp near 3 AU, after which the sity 1000 bulk of the water will instead be emitted ers) is tsub directly from the nucleus. Gaseous OH pro-Z is the duction may show a local maximum near r per sec-this time, as the coma ice grains sublimate. rared col-A similar preperihelion OH surge was ob-,um. For served near 4.5 AU in the distant comet AU, Z = Bowell (1982 I) (21). grain has The peak perihelion brightness of Haleears (the Bopp cannot be meaningfully predicted e slightly from the available data. Given an unlimited ver owing surface supply, the CO production rate ;ivity ef-should increase as R2, with a concomitant Lecompo-increase in the ejected dust and a brightness Dgy of the at visual wavelengths increasing roughly as the resi-R-4. A much faster rise is apparent in Fig. 3 (5, 6) ]. However, whereas SWI has a nearly circular transJovian orbit that prevents a close approach to the sun, the orbit of Hale-Bopp is highly eccentric, and the solar insolation at the nucleus will increase by a factor of 50 between now and perihelion. Thus, HaleBopp provides an unprecedented opportunity to study the development of CO and H20 outgassing in a comet that is still far from perihelion. (4) . Presumably, these adjustments in helix orientation reach the cytoplasmic portion of the receptor and are transmitted through the adapter protein CheW to the kinase CheA, thereby inhibiting phosphorylation of the diffusible messenger CheY (Fig. 1 ).
To extend structural and mechanistic studies to the cytoplasmic receptor-kinase complex, we engineered dimers of the E. coli aspartate receptor (Tar) cytoplasmic domain in which the monomers are held in parallel, as in the intact receptor (Fig. 1) fusing the receptor domain to the short, parallel coiled-coil dimerization domain (leucine zipper) from the transcriptional activator GCN4 (6, 7) . In addition to providing a dimerization domain, the GCN4 peptide replaces the receptor sequence that presumably relays transmembrane conformational changes to the cytoplasm (8) . Fusion to a stable, inflexible structural element fixes the structure of the receptor fragment in this critical region.
No detailed structural information is available to guide the design of a dimer of the Tar cytoplasmic domain. However, clues can be found in two cytoplasmic regions of the receptor that are associated with the process of adaptation (1, 2) .
Efficient gradient sensing requires continuous adjustment of receptor sensitivity.
Attractant stimulation induces a net increase in methylation of four specific glutamic acid side chains ( Fig. 2A) , catalyzed by the methyl transferase CheR. Methylation of these glutamic acids, or mutation to glutamine, desensitizes the receptor to attractant ligands (9) (10) (11) Fig. 2A ) conform to seven-residue repeating patterns (4-3 hydrophobic repeats) typical of o(-helical coiled coils (2, 14) . The seven-residue spacing of the three KI methylation sites would align them on one face of a coiled-coil helix (2) . Receptor point mutations that transform cells to an extreme smooth-swimming phe-
